Kinetic and thermodynamic analysis of mutant type II DNA topoisomerases that cannot covalently cleave DNA.
DNA topoisomerase II catalyzes two different chemical reactions as part of its DNA transport cycle: ATP hydrolysis and DNA breakage/religation. The coordination between these reactions was studied using mutants of yeast topoisomerase II that are unable to covalently cleave DNA. In the absence of DNA, the ATPase activities of these mutant enzymes are identical to the wild type activity. DNA binding stimulates the ATPase activity of the mutant enzymes, but with steady-state parameters different from those of the wild type enzyme. These differences were examined through DNA binding experiments and pre-steady-state ATPase assays. One mutant protein, Y782F, binds DNA with the same affinity as wild type protein. This mutant topologically traps one DNA circle in the presence of a nonhydrolyzable ATP analog under the same conditions that the wild type protein catenates two circles. Rapid chemical quench and pulse-chase ATPase experiments reveal that the mutant proteins bound to DNA have the same sequential hydrolysis reaction cycle as the wild type enzyme. Binding of ATP to the mutants is not notably impaired, but hydrolysis of the first ATP is slower than for the wild type enzyme. Models to explain these results in the context of the entire DNA topoisomerase II reaction cycle are discussed.